ABSTRACT: Newborn lambs depend on their dams for passive transfer of immunoglobulins, primarily IgG, for protection from harmful pathogens until their own immunological defenses have developed. Previous studies have suggested that supplementation with Se results in a modest increase in IgG concentration in serum of newborn calves and lambs. To evaluate the effect of the Se source and supplementation rate in ewes during pregnancy on passive transfer of IgG to their lambs, 210 Polypay, Suffolk, or Suffolk × Polypay cross ewes were divided into 7 treatment groups (n = 30 each) and drenched weekly with no Se, at the maximum FDA-allowed concentration with inorganic Na-selenite or organic Se-yeast (4.9 mg Se/wk), or with inorganic Na-selenite and organic Se-yeast at supranutritional concentrations (14.7 and 24.5 mg Se/wk). Ewe serum IgG concentrations were measured within 30 d of parturition, ewe colostrum and lamb serum IgG concentrations were measured at parturition before suckling, and lamb serum IgG concentrations were measured again at 48 h postnatal. Ewes receiving 24.5 mg Se/wk tended to have or had, independent of Se source, greater colostral IgG concentrations than ewes receiving 4.9 mg Se/wk overall (81.3 vs. 66.2 mg/mL; P = 0.08) and for Polypay ewes only (90.1 vs. 60.7 mg/mL; P = 0.03). Polypay ewes receiving Se-yeast at 24.5 mg Se/wk transferred a greater calculated total IgG amount to their lambs than Polypay ewes receiving Se-yeast at 4.9 mg Se/wk (15.5 vs. 11.6 g; P = 0.02), whereas the converse was true (interaction between Se source and dose concentration; P = 0.03) for Polypay ewes receiving inorganic Na-selenite at 24.5 mg Se/wk vs. Na-selenite at 4.9 mg/wk (11.6 vs. 15.7 g; P = 0.08). Our results suggest that supranutritional Se supplementation of Polypay ewes during pregnancy increases colostral IgG concentrations but that the optimal supplementation rate for IgG transfer from ewe to lamb may differ for Na-selenite and Se-yeast.
INTRODUCTION
Passive immunity, or the transfer of maternal antibodies from ewe to lamb, occurs only through ingestion of colostrum. Passively acquired IgG provides the primary means of neonatal defense against harmful pathogens. Thus, survival and growth of newborn lambs is highly dependent on their ability to consume adequate amounts of IgG within the fi rst 24 h after parturition.
Selenium was discovered as an essential micronutrient for sheep by Muth et al. (1958) . Researchers focused initially on the quantity of dietary Se needed to prevent Se-responsive diseases. Questions still exist regarding the chemical form of Se and the Se supplementation rate needed to maximize growth and immune function. Current FDA regulations limit the amount of dietary Se supplementation to 0.3 mg/kg (as fed), or 0.7 mg per sheep per day (FDA, 2009) . Concentrations that exceed 0.3 mg/kg yet are less than the maximum tolerable level are referred to as supranutritional.
We previously showed in a companion paper that supplementing Se-replete ewes with Se-yeast above current FDA-allowed levels improves lamb growth and survival (Stewart et al., 2012a) , which may be due in part to greater IgG concentrations in lambs. In support, Kamada et al. (2007) reported that adding Na-selenite to bovine colostrum increased IgG absorption in newborn dairy calves by 42%. Furthermore, Rock et al. (2001) demonstrated that Se supplementation of Se-defi cient ewes increased IgG concentrations. It remains unclear, however, whether supranutritional Se supplementation improves IgG production and passive transfer in Sereplete ewes (Hammer et al., 2011) . Thus, the objective of this study was to determine the effects of Se source and supranutritional supplementation dose in Sereplete ewes during pregnancy on IgG production and passive transfer of IgG to their lambs. We hypothesized that supplementing ewes with Se above current FDAallowed levels would improve colostral IgG production and passive transfer of IgG to their lambs.
MATERIALS AND METHODS
Experimental procedures used in this study were approved by the Institutional Animal Care and Use Committees of Oregon State University.
Experimental Design and Treatments
Experimental procedures used in this study have been described in detail previously (Hall et al., 2012) . Briefl y, 210 mature ewes were randomly assigned to 7 treatment groups (n = 30 each) based on Se supplementation rate and source. One group received no Se (no Se supplement group), 3 groups received Naselenite (RETORTE Ulrich Scharrer GmbH, Röthenbach, Germany) at 4.9, 14.7, or 24.5 mg Se/wk, and 3 groups received Se-yeast (Prince Se Yeast 2000, Prince Agri Products Inc., Quincy, IL) at 4.9, 14.7, or 24.5 mg Se/wk. Sodium selenite (Na 2 SeO 3 ) was 456 g/kg Se, or 45.6% Se, whereas the organic Se source had a guaranteed analysis of 2 g/kg of organically bound Se with 78% being selenomethionine (SeMet). The treatment period started approximately 2 wk before breeding and lasted for 62.5 wk. All dosages were below the maximum tolerable level (5 mg/kg as fed) for small ruminants (NRC, 2007) . Treatment groups were blocked for age of ewe and foot rot (FR) severity, with no FR being the lowest category. Ewes were from 3 genotypes (Polypay, Suffolk, and Suffolk × Polypay cross) and ranged in age and BW from 2 to 6 yr and 51 to 93 kg, respectively. The 3 genotypes were not completely balanced across treatments. The experiments were conducted at the Oregon State University Sheep Center (Corvallis, OR).
Ewe treatments were administered individually once per week by oral drench (with the calculated weekly amount of Se supplement being equal to the summed daily intake). The weekly Se dose (0, 4.9, 14.7, or 24.5 mg Se/wk per ewe) was suspended in water (5 mL for inorganic Se, with more water required for the organic solutions, i.e., 11, 30, and 48 mL for the 4.9, 14.7, and 24.5 mg Se solutions, respectively). Solutions were made up fresh each week and were administered with a dose syringe. To ensure a homogeneous dosage, the solution was stirred each time before being drawn into the dose syringe. Lambs did not receive any additional Se supplementation after birth.
Individual aliquots of inorganic Se solutions were submitted for Se analysis to the Center for Nutrition, Diagnostic Center for Population and Animal Health, Michigan State University (East Lansing, MI) according to previously described methods (Hall et al., 2012) . The 4.9-, 14.7-, and 24.5-mg weekly doses of Na-selenite (4.9, 14.9, and 24.6 mg Se, respectively) and organic Se-yeast supplements (4.8, 14.4, and 24.0 mg of organically bound Se, respectively) were found to be within expected analytical variance of their targeted concentrations. Concentrations of Se in the pasture forage from the sheep center pastures ranged from 0.12 to 0.14 mg/kg DM (Hall et al., 2012) . The Se concentrations of the grass hay, alfalfa hay, alfalfa pellets, whole corn, and custom-made mineral supplement were 0.02, 0.05, 0.06, 0.01, and 0.44 mg Se/kg DM, respectively. Assuming pasture DM intake of 2% of BW, ewes would consume between 0.12 and 0.26 mg Se/d. For an average mineral intake of 8 g/d, an additional 3 μg of Se would be consumed. Other feed ingredients would contribute less than 20 μg Se/d. Thus, the majority of Se intake (4.9, 14.7, or 24.5 mg Se/wk) was provided by the oral Se drench (Hall et al., 2012) .
Ewes were fed on pasture, except for a 3-mo period around lambing when ewes were housed in the barn. Ewes on pasture were supplemented with grass hay and later with alfalfa hay when grass was scarce. In the barn, sheep were fed alfalfa hay and shelled corn, except for 2 d in the lambing jug when ewes were fed alfalfa pellets. Ewe feed sources and management details have been previously described (Hall et al., 2012) . Sheep were fed to meet or exceed NRC (2007) recommendations.
Blood and Colostrum Collection and IgG Analysis of Ewe and Lamb Samples
Jugular venous blood was collected from all ewes monthly, including a collection within 30 d of parturition, which was used for IgG determination. From lambs, 1 jugular blood sample was collected immediately after parturition and before nursing, and another sample was collected 48 h postnatal. For serum analysis, blood was also collected into evacuated tubes without EDTA (10 mL; Becton Dickinson, Franklin Lakes, NJ). Tubes were centrifuged at 850 × g for 10 min at 20°C, and serum was harvested and stored at -20°C. Colostrum samples were collected immediately after parturition. Ewes were milked by hand, and samples were stored at -20°C.
Concentrations of IgG in ewe and lamb serum and ewe colostrum were quantifi ed using a direct ELISA procedure. The ELISA assay has advantages over single radial immunodiffusion (SRID) in terms of cost and time and exhibits good agreement (94%) with SRID (Lee et al., 2008) . The protocol was adapted from a commercially developed assay (Bethyl Laboratories Montgomery, TX). In brief, 96-well plates (ReactiBind Thermo Scientifi c, Rockford, IL) were coated with 100 μL of 1 μg/mL affi nity purifi ed rabbit antisheep heavy-and light-chain IgG (Bethyl Laboratories) diluted in 0.05 M carbonate-bicarbonate buffer (pH 9.6) and incubated for 1 h at room temperature.
After incubation, plates were washed 3 times with Tween-Tris phosphate buffered saline (T-TPBS; 50 mM Tris, 0.14 M NaCl, 0.05% Tween-20; pH 8.0) and then blocked with T-TPBS for 30 min at room temperature. After incubation, the plates were washed 3 times in T-TPBS. For ewe serum samples only, for long-term storage of plates at 4°C, the plates were incubated with 100 μL StabilCoat (SurModics Inc., Eden Prairie, MN) at room temperature for 30 min. The StabilCoat was removed, and the plates were sealed and stored at 4°C until needed for ELISA.
For standards, purifi ed sheep IgG (10 mg/mL; Sigma, St. Louis, MO) was diluted in T-TPBS from 7 to 500 ng/mL. Ewe serum samples were diluted in TPBS at 1:400,000 and 1:800,000. Lamb presuckle (0 h) serum samples were diluted in T-TPBS at 1:100 and 1:500 (the IgG values were below the assay detection limit and are not shown), whereas postsuckle (48 h) serum samples were diluted 1:250,000, 1:500,000, and 1:1,000,000. Colostrum samples were diluted 1:800,000, 1:1,600,000, and 1:3,200,000. High and low IgG controls were included in each assay. All standards, samples, and controls were plated in duplicate at 100 μL per well and were allowed to incubate for 30 min at 37°C (ewe serum) or 1 h at room temperature (lamb serum and ewe colostrum).
After incubation, plates were washed 5 times in T-TPBS, and horseradish peroxidase conjugated rabbit anti-sheep heavy-and light-chain IgG (1 mg/mL; Bethyl Laboratories) was added at a 1:25,000 to 1:500,000 dilution and allowed to incubate for 30 min at 37°C (ewe serum) or 1 h at room temperature (lamb serum and ewe colostrum). Plates were then washed 5 times in T-TPBS, and 100 μL of 3, 3′, 5, 5′-tetramethyl benzidine (TMB; Sigma) was added to each well. Plates were read at 655 nm until an absorbance of 0.650 optical density (O.D.) was reached in the 500-ng IgG standard well. The TMB reaction was then stopped by adding 100 μL of 1 M H 2 SO 4 , and the plate was read at 450 nm. The intra-and interassay CV for colostrum and lamb serum IgG concentrations were 5% and 15%, respectively, and for ewe serum IgG concentrations were 7% and 17%, respectively.
Selenium Transfer Effi ciency Ratios
To determine the effects of Se source and supplementation rate in ewes on passive transfer of IgG to their lambs, transfer effi ciency ratios were calculated. The transfer effi ciency from ewe serum to ewe colostrum was calculated using the ratio of ewe colostrum IgG concentration to ewe serum IgG concentration. On the basis of Boland et al. (2005a) , the following equation was used to calculate the IgG transfer effi ciency from ewe to lamb:
IgG transferred in grams per lamb = (birth weight in grams × 0.075 × lamb serum IgG concentration in mg/mL)/(colostrum IgG concentration in mg/mL × 0.129).
The Se transfer effi ciency ratios were calculated for each lamb. Values for multiple lambs from the same ewe were averaged because ewe was the experimental unit. Because we were unable to collect colostrum samples from all ewes that had serum samples of their progeny and vice versa, the n value is less for Se transfer effi ciency ratios than for IgG concentrations.
Statistical Analysis
Statistical analyses were performed in PROC GLM using SAS (SAS Inst. Inc., Cary, NC) software. Values from lambs of the same ewe were averaged because ewe was the experimental unit. Fixed effects in the model were treatment, FR status at the start of the experiment (yes, no), breed (Polypay, Suffolk, or Suffolk × Polypay cross; the Suffolk and Suffolk × Polypay cross ewes were combined into 1 group because the animal numbers for both groups were small and phenotypically the crossbreds more closely resembled the Suffolks in size), ewe age (3, >3 yr), number of lambs born (1, >1), birth weight (< 6.3 kg, ≥6.3 kg), the interaction between birth weight and treatment group, and the interaction between breed and treatment group. The birth weight cutoff of 6.3 kg was based on the median birth weight. Foot rot status at lambing was not associated with IgG concentration and therefore was not included in the model. Because breed and lamb birth weight modifi ed the association between Se supplementation and IgG concentration, a stratifi ed analysis by breed or birth weight was conducted. The results of the stratifi ed analysis for Polypay ewes only are shown because the other subgroups were smaller for number of animals per group.
Preplanned contrasts were performed. The effect of Se supplementation was evaluated by comparing the no-Se group vs. the 6 Se-supplemented groups. The effect of Se source was evaluated by comparing the 3 Na-selenite groups vs. the 3 Se-yeast groups. The effect of Se dosage for Na-selenite and for Se-yeast was evaluated by comparing the 3 dosages through linear (24.5 vs. 4.9 mg Se/wk) and quadratic (14.7 vs. 4.9 and 24.5 mg Se/wk) contrasts, respectively. The interaction between Se source and Se dosage was evaluated by constructing orthogonal contrasts between groups of ewes receiving different Se sources and Se dosages of Na-selenite and Se-yeast. When there was no interaction between Se source and Se dosage, we also calculated the linear and quadratic effect of Se dosage by combining the results for ewes receiving the same dosage of Na-selenite and Se-yeast and compared the 2 supranutritional Se dosages (24.5 and 14.7 mg Se/wk) to the FDA-allowed dosage (4.9 mg Se/wk).
Except for Table 1 , data are reported as least squares means ± SEM. Least squares means and SEM of combined groups, e.g., when combining the results of all ewes receiving Se and when combining the results for all ewes receiving the same dosage of Na-selenite and Se-yeast, are only shown in the Results and Discussion section and not in the tables. Statistical signifi cance was declared at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.10.
There were 30 ewes per treatment group, but not all ewes had serum IgG or colostral IgG data because 13% of ewes either did not lamb or died after giving birth and some had insuffi cient colostrum for both Se and IgG analyses. Regarding lamb data, some lambs died before the 48-h blood sample was collected, some lambs nursed before we collected blood at birth, and some lambs had insuffi cient serum to measure both Se and IgG concentrations at 48 h. Additional information is included in the footnotes of the tables to clarify the n values.
RESULTS AND DISCUSSION
We previously reported from this trial that supranutritional concentrations of Se (Na-selenite or Seyeast) fed to pregnant ewes improves Se status of ewes and their newborn lambs (Hall et al., 2012; Stewart et al., 2012b ; Table 1 ) without negatively affecting health or performance in either ewes or their progeny (Stewart et al., 2012a) . In addition, we reported that Se supplementation with Se-yeast at 24.5 mg Se/wk improved lamb growth and survival compared with the maximum FDA-allowed concentration of 4.9 mg Se/wk (Stewart et al., 2012a) . We hypothesized that improved lamb growth and survival may be due in part to greater IgG concentrations in these lambs because of the greater Stewart et al. (2012b) . The number of sheep differs compared with Stewart et al. (2012b) because we only included WB Se data for ewes that also had data for either serum IgG concentrations or colostral IgG concentrations.
2 Ewe blood samples were collected within 30 d of lambing.
colostral IgG concentrations of their mothers. We found that Polypay ewes receiving supranutritional Se dosages (24.5 mg Se/wk) during pregnancy had greater colostral IgG concentrations, but optimal Se dosage for maximal IgG transfer from ewe to lamb differed for Na-selenite at 4.9 mg Se/wk vs. Se-yeast at 24.5 mg Se/wk.
Effects of Se Supplementation
We previously reported from this trial that wholeblood and serum Se concentrations decreased between baseline and lambing in the group of ewes receiving no Se by 58% and 47%, respectively (Hall et al., 2012) , indicating a rapid decline in blood Se concentrations. None of the lambs from ewes in the no-Se group displayed clinical signs of Se defi ciency. In our study, Se supplementation was not associated with increased ewe serum IgG concentration, which is the predominant class of antibodies in ewe serum (Campbell et al., 1977 ; no Se supplement: 22.5 ± 2.1 mg/mL vs. all Se supplements: 23.1 ± 1.1 mg/mL; P = 0.78; Table 2 ). There is evidence, reviewed by Rooke et al. (2004) , that Se administration to Se-defi cient sheep results in increased specifi c antibody production to vaccine antigens (Larsen et al., 1988; Giadinis et al., 2000) . However, similar to our fi ndings, total IgG concentrations in sheep were not affected by Se supplementation of Se-defi cient ewes (Larsen et al., 1988; Rock et al., 2001; Rodinova et al., 2008) . We did not assess specifi c antibody production to a vaccine or measure serum IgM concentration, which Rock et al. (2001) showed increased with supplemental Se.
Selenium supplementation was not associated with increased colostral IgG concentration (no Se supplement: 73.6 ± 7.7 mg/mL vs. all Se supplements: 74.3 ± 4.6 mg/mL; P = 0.93; Table 2 ). Total IgG concentrations in colostrum in our study are similar to those in a previous study (79 ± 6 mg/mL) conducted at Oregon State University with ewes of similar genetic origin (Al-Sabbagh et al., 1995) and are within the range of those previously reviewed by Campbell et al. (1977) . Confl icting results in colostral IgG concentrations have been reported for Se-defi cient ruminants. Rock et al. (2001) reported no difference when comparing Se-defi cient ewes that were not Se supplemented with those supplemented with Se-yeast or Na-selenite at the FDA-allowed (0.3 mg/kg) concentration. In contrast, cows given the FDA-allowed levels of Se supplementation (120 mg Se/kg of salt-mineral mix) had greater colostral IgG concentrations than did Sedefi cient cows (Swecker et al., 1995) .
In our study, there was individual variation in colostral IgG concentrations, similar to what has been reported (Campbell et al., 1977) . Gilbert et al. (1988) showed that sire breed and sire of the dam explain part of the variation in colostral IgG concentration. Therefore, we assessed data for Polypay ewes separately to see if breed had an effect (because we had suffi cient data for analysis of this breed). We found no signifi cant effect of Se supplementation on colostral IgG concentrations in Polypay ewes when we compared the nonsupplemented group vs. the average of the 6 supplemented groups; however, colostral IgG concentrations tended to be less in nonsupplemented ewes (62.5 ± 11.1 mg/mL) vs. ewes receiving supranutritional Se (24.5 mg Se/wk Na-selenite and Se-yeast combined; 90.1 ± 9.6 mg/mL; P = 0.06). Rodinova et al. (2008) measured serum IgG concentrations in sheep fed inadequate levels of Se at regular intervals and found that during the last trimester of pregnancy serum IgG concentrations increased but decreased markedly at birth as large amounts of IgG were transferred into the mammary gland. Thus, both IgG and Se are concentrated in colostrum of ewes at parturition, with IgG concentrations approximately 4.4 to 4.6 times greater in colostrum compared with serum (Rock et al., 2001 ) and Se concentrations approximately 1.7 to 2.6 times greater in colostrum than serum (Stewart et al., 2012b) . Our ewe serum-to-colostrum IgG transfer effi ciency ratios are consistent with these published values. There was no signifi cant effect of Se supplementation on serum-to-colostrum IgG transfer effi ciency (no Se supplement: 3.65 ± 0.77 mg/mL vs. all Se supplements: 3.98 ± 0.45 mg/mL; P = 0.69; Table 2 ).
Selenium supplementation was not associated with increased lamb serum IgG concentration 48 h postnatal (no Se supplement: 28.8 ± 2.6 mg/mL vs. all Se supplements: 28.7 ± 1.3 mg/mL; P = 0.95; Table 2 ). However, the total calculated IgG transferred to lambs tended to be lower in nonsupplemented Polypay ewes (12.3 ± 1.3 g) vs. ewes receiving Se-yeast at 24.5 mg Se/wk (15.5 ± 1.2; P = 0.07; Table 3 ). In other studies, lambs of Ramboulliet × Polypay crossbred ewes given the FDA-allowed levels of Se (0.3 mg/kg) in the form of Na-selenite or Se-yeast had greater serum IgG concentrations 12 h postnatal than did lambs from Se-defi cient ewes (Rock et al., 2001) . Similarly, lambs of ewes receiving 0.18 mg Se/d as inorganic Na-selenite but not as organic yeast had greater serum IgG concentrations within the fi rst 24 h postnatal than did lambs from Se-defi cient Sumavka ewes (Rodinova et al., 2008) , although no differences were observed at 10 d postpartum. Nor were differences in serum IgG concentrations in 10-d-old lambs reported when Sardinian ewes fed inadequate Se were injected 30 d before predicted parturition with 0 or 5 mg Se as Na-selenite (Lacetera et al., 1999) . Thus, breed, source of Se, Se supplementation dosage, Se status of Se-defi cient ewes, time of sample collection, or a combination of these factors may determine whether Se supplementation affects lamb serum IgG status.
Immunoglobulin transfer effi ciency ratios were also calculated for lambs from ewes in each Se treatment group to compare how effi ciently colostral IgG was transferred to and absorbed by newborn lambs. The IgG colostrum-to-serum transfer effi ciency ratio was calculated by dividing the estimated total IgG transferred by the estimated total colostral IgG consumed, using conversion factors for plasma volume and colostrum intake. The plasma (serum) volume in newborn lambs was calculated by multiplying the birth weight by 0.075 (Boland et al., 2005a) . According to Quigley et al. (1998) , BW is the best predictor of plasma volume. The conversion factors for blood volumes vary among studies, breeds, and species between 5% and 15% of BW (Gibson and Lumbers, 1994; Quigley et al., 1998; Rumball et al., 2008) . Total IgG transferred We only measured serum IgG concentrations in ewes that had progeny data (i.e., lamb serum IgG measurements). One ewe sample in the no-Se group was lost during processing.
2 Ewe colostral samples were collected at parturition. Data are shown for all ewes that had colostral IgG measurements.
3 Serum-to-colostrum transfer effi ciency was calculated by dividing the ewe colostrum IgG concentration by the ewe serum IgG concentration. Data could only be calculated for ewes that had both serum IgG and colostral IgG measurements.
4 Lamb blood samples were collected at birth before suckling and again 48 h after birth. The lamb n refl ects the number of ewes with lambs that had serum IgG concentrations. Serum IgG concentrations at birth were below the detection limit and therefore are not shown. Data are shown for all lambs that had serum IgG measurements at 48 h.
5 Total IgG transferred was calculated by multiplying lamb serum IgG concentration by 7.5% of lamb birth weight, which is an estimate of plasma volume (Boland et al., 2005a) .
6 Colostrum-to-serum transfer effi ciency was calculated by dividing the estimated total IgG transferred (calculated by multiplying lamb serum IgG concentration by 7.5% of lamb birth weight, which is an estimate of plasma volume) by the estimated total colostrum IgG consumed [calculated by multiplying colostrum IgG concentration by 12.9% of lamb birth weight, which is, according to Boland et al. (2005a) , an estimate of volume of colostrum consumed]. Data could only be calculated if ewes had colostral IgG measurements and their progeny had serum IgG measurements. 7 The largest of the SE of the means are shown.
8 Preplanned contrasts were performed. The effect of Se supplementation was evaluated by comparing the no-Se group vs. the 6 Se-supplemented groups. The effect of Se source was evaluated by comparing the 3 Na-selenite groups vs. the 3 Se-yeast groups. The effect of Se dosage for Na-selenite and for Se-yeast was evaluated by comparing the 3 dosages through linear (24.5 vs. 4.9 mg Se/wk) and quadratic (14.7 vs. 4.9 and 24.5 mg Se/wk) contrasts, respectively. The interaction between Se source and Se dosage was evaluated by constructing orthogonal contrasts between groups of ewes receiving different Se sources and Se dosages of Na-selenite and Se-yeast. When there was no interaction between Se source and Se dosage, we also calculated the linear and quadratic effect of Se dosage by combining the results for ewes receiving the same dosage of Na-selenite and Se-yeast and compared the 2 supranutritional Se dosages (24.5 and 14.7 mg Se/wk) to the FDA-allowed dosage (4.9 mg Se/wk). from ewe to lamb was estimated by multiplying the colostrum IgG concentration by 0.129, which was the colostrum intake of lambs (in mL/g BW; SE = 0.0039) in the control group of the study by Boland et al. (2005a) . This estimate may be on the high side because Morrical (2000) reported that lambs do not consume colostrum above 10% of their BW in the fi eld. There was no signifi cant effect of Se supplementation on colostrum-to-lamb IgG transfer effi ciency (no Se supplement: 0.29 ± 0.06 mg/mL vs. all Se supplements: 0.30 ± 0.04 mg/mL; P = 0.88; Table 2 ). Ewe blood samples were collected within 30 d of lambing. We only measured serum IgG concentrations in ewes that had progeny data (i.e., lamb serum IgG measurements). One ewe sample in the no-Se group was lost during processing.
8 Preplanned contrasts were performed. The effect of Se supplementation was evaluated by comparing the no-Se group vs. the 6 Se-supplemented groups. The effect of Se source was evaluated by comparing the 3 Na-selenite groups vs. the 3 Se-yeast groups. The effect of Se dosage for Na-selenite and for Se-yeast was evaluated by comparing the 3 dosages through linear (24.5 vs. 4.9 mg Se/wk) and quadratic (14.7 vs. 4.9 and 24.5 mg Se/wk) contrasts, respectively. The interaction between Se source and Se dosage was evaluated by constructing orthogonal contrasts between groups of ewes receiving different Se sources and Se dosages of Na-selenite and Se-yeast. When there was no interaction between Se source and Se dosage, we also calculated the linear and quadratic effect of Se dosage by combining the results for ewes receiving the same dosage of Na-selenite and Se-yeast and compared the 2 supranutritional Se dosages (24.5 and 14.7 mg Se/wk) to the FDA-allowed dosage (4.9 mg Se/wk).
Effect of Se Source and Supranutritional Se Supplementation
Selenium source (Na-selenite vs. Se-yeast) did not affect serum and colostral IgG concentrations of ewes (Tables 2 and 3) . Similar results have been previously published by Rock et al. (2001) when ewes received Na-selenite or Se-yeast at 0.3 mg Se/kg. Nor were differences in ewe serum IgG concentrations reported by Rodinova et al. (2008) when ewes received Naselenite or Se-enriched algae at 0.18 mg/d. In our study, lamb serum IgG concentration also was not affected by the type of Se source (Tables 2 and 3) , which is consistent with the fi ndings reported by Rock et al. (2001) and Rodinova et al. (2008) . Neither of those studies, however, used supranutritional Se dosages, which makes our study novel. Because we did not observe differences between Se sources, we combined Se sources at equivalent dosages for statistical analysis.
Supranutritional Se supplementation did not signifi cantly change serum IgG concentrations in ewes (Tables 2 and 3 ). There was, however, a signifi cant interaction between supranutritional Se supplementation and breed (P = 0.03) in that Polypay ewes receiving 24.5 mg Se/wk had numerically greater serum IgG concentrations than Polypay ewes receiving 4.9 mg Se/wk, whereas the converse was true for the combined group of Suffolk and Polypay × Suffolk crossbred ewes. This is, to our knowledge, the fi rst report on the effect of supranutritional Se supplementation on serum IgG concentrations in ewes. In contrast, supplementation with supranutritional Se dosages of Na-selenite or Seyeast tended to increase colostral IgG concentrations in a dose-dependent manner from 66.2 ± 6.4 (4.9 mg Se/wk) to 75.5 ± 6.1 (14.7 mg Se/wk) to 81.3 ± 7.2 mg/mL (24.5 mg Se/wk; P = 0.08 vs. 4.9 mg Se/ wk; Table 2 ). The effect was signifi cant in Polypay ewes (4.9 mg Se/wk: 60.7 ± 9.6 mg/mL vs. 24.5 mg Se/wk: 90.1 ± 9.6 mg/mL; P = 0.03; Table 3 ). As a result, supranutritional Se supplementation tended to increase serum-to-colostrum IgG transfer effi ciency in ewes (4.9 mg Se/wk: 3.22 ± 0.66 mg/mL; 14.7 mg Se/wk: 3.95 ± 0.57 mg/mL; 24.5 mg Se/wk: 4.78 ± 0.70 mg/mL; P = 0.06 vs. 4.9 mg Se/wk; Table 2 ). Swanson et al. (2008) reported that colostral IgG concentrations (109.6 mg/mL) were similar in pregnant Rambouillet ewe lambs fed >8 times more Se-enriched yeast than ewe lambs receiving adequate Se levels (96.9 mg/mL; P = 0.18), which is the only study to our knowledge that evaluated the effect of supranutritional Se supplementation on colostral IgG concentrations.
It is unknown why supranutritional Se supplementation increases colostral IgG concentration. Ewe BW did not signifi cantly differ between treatment groups (no Se = 65.4 kg; 4.9 mg/wk Na-selenite = 65.2 kg; 14.7 mg/wk Na-selenite = 65.4 kg; 24.5 mg/wk Na-selenite = 67.7 kg; 4.9 mg/wk Se-yeast = 67.0 kg; 14.7 mg/wk Se-yeast = 65.8 kg; 24.5 mg/wk Se-yeast = 65.7 kg; SEM = 2.5 kg), as we previously reported from this trial (Stewart et al., 2012a) . Potential explanations are that supranutritional Se supplementation may alter the number of specifi c nutrient transporters or growth and vascularization of mammary tissue as hypothesized for intestinal tissues by Meyer et al. (2012) .
Supranutritional Se supplementation of pregnant ewes did not signifi cantly alter serum IgG concentrations of their lambs (Tables 2 and 3) . Similarly, feeding >8 times more Se-enriched yeast or 7 times more Seenriched wheat mill run to pregnant Rambouillet ewe lambs resulted in similar serum IgG concentrations in their lambs compared with feeding adequate dietary Se levels (Swanson et al., 2008; Hammer et al., 2011) . There is a concern that supranutritional supplementation with mineral block components, which included Naselenite at 2.34 and 3.51 mg Se/d (Boland et al., 2005a) or 3.50 mg Se/d (Boland et al., 2005b) , decreases serum IgG concentrations and IgG absorption effi ciency. Similarly, we observed that the calculated colostrum-tolamb IgG transfer effi ciency decreased (4.9 vs. 24.5 mg Se/wk: P < 0.001) when pregnant ewes received Naselenite at 14.7 (0.28) or 24.5 mg Se/wk (0.21) compared with 4.9 mg Se/wk (0.56; Table 2 ).
There are a number of reactions of Na-selenite that are not shared by other forms of Se (summarized in Whanger, 2002; Schröterová et al., 2009) . For example, Na-selenite has signifi cantly greater binding to brush border membrane vesicles than SeMet and forms many more metabolites during absorption compared with SeMet, and Se uptake and transfer to vascular effl uents as Na-selenite is low (14%) compared with approximately 92% for SeMet. The instability of selenite is apparently responsible for many of its reactions which are not shared by other forms of Se (Whanger, 2002) . Kamada et al. (2007) showed that adding Na-selenite to bovine colostrum at 3 mg/kg increased IgG absorption in newborn dairy calves by 42%. Optimal IgG absorption was achieved when calves consumed 3.0 mg/kg of Se added to colostrum, over the range of 0.2 to 5.0 mg/kg of added Se (Kamada et al., 2007) . Thus, Na-selenite at 4.9 mg Se/wk may be in the optimal range of Naselenite supplementation for enhanced passive transfer of IgG based on colostral Se concentration (Table 1) .
Total calculated IgG transferred to lambs was dependent on the source of Se administered to the ewes when supplementation rate was increased. Supranutritional Se supplementation with Se-yeast increased total calculated IgG amount transferred in Polypay ewes (4.9 mg Se/wk: 11.6 ± 1.1 g; 14.7 mg Se/wk: 12.2 ± 1.2 g; 24.5 mg Se/wk: 15.5 ± 1.2 g; P = 0.02 vs. 4.9 mg Se/wk; Table 3 ). To our knowledge, no other research group has reported on the effect of supranutritional supplementation of organic Se on IgG transfer from ewe colostrum to lamb. It is unlikely that serum IgG concentration in lambs in our study was solely a refl ection of different colostral IgG concentrations in their mothers because the correlation between ewe colostral IgG concentration and serum IgG concentration of their progeny was low in our study (r = 0.08) and in studies of others (r = 0.32; McGuire et al., 1983) .
Having twins and triplets did not signifi cantly affect serum IgG concentrations (singles vs. multiples: 24.4 ± 1.8 vs. 21.7 ± 0.9 mg/mL; P = 0.20) or colostral IgG concentrations (77.2 ± 7.2 vs. 71.3 ± 4.1 mg/mL; P = 0.46) in ewes, serum IgG concentrations in lambs (28.8 ± 2.3 vs. 28.6 ± 2.2 mg/mL; P = 0.95), or the calculated total IgG transferred (14.3 ± 1.1 vs. 12.7 ± 0.6 g; P = 0.20), serum-to-colostrum transfer ratio (3.72 ± 0.74 vs. 4.15 ± 0.39; P = 0.95), and colostrum-to-lamb transfer ratio (0.29 ± 0.06 vs. 0.31 ± 0.3; P = 0.75). As previously reported, the number of lambs born was similar in ewes across treatment groups (Stewart et al., 2012a) . For ewes that were included in this study, the percentages of ewes carrying more than 1 lamb were 82%, 83%, 85%, 92%, 69%, 69%, and 71% for ewes receiving no Se, 4.9 mg/ wk Na-selenite, 14.7 mg/wk Na-selenite, 24.5 mg/wk Na-selenite, 4.9 mg/wk Se-yeast, 14.7 mg/wk Se-yeast, and 24.5 mg/wk Se-yeast, respectively.
The interaction between Se source and supranutritional Se dosage was or tended to be signifi cant for calculated colostrum-to-lamb IgG transfer (all ewe breeds: P = 0.02; Polypay ewes: P = 0.09) and for calculated IgG amount transferred in Polypay ewes (P = 0.03; Tables 2 and 3). We previously documented a similar interaction for lamb birth weight (Stewart et al., 2012a) , which was signifi cant for lambs used in this study (P = 0.004) and which explains the P-value differences between lamb serum IgG concentrations and the calculated IgG transfer from ewe to lamb. For lamb birth weight, there was a quadratic effect for Se-yeast (P = 0.002) and a tendency for a linear decrease for Na-selenite (P = 0.09). Lamb birth weights were as follows: no Se = 6.22 kg; 4.9 mg/ wk Na-selenite = 6.52 kg; 14.7 mg/wk Na-selenite = 6.15 kg; 24.5 mg/wk Na-selenite = 6.12 kg; 4.9 mg/wk Se-yeast = 5.79 kg; 14.7 mg/wk Se-yeast = 6.49 kg; and 24.5 mg/wk Se-yeast = 6.00 kg (SEM = 0.18 kg). Thus, the optimal supplementation rate for IgG transfer from ewe to lamb may differ for Na-selenite (4.9 mg Se/wk) and Se-yeast (24.5 mg Se/wk). These results suggest that the mechanism of action of Se on the intestinal epithelium may differ depending on the Se source and that Na-selenite may have potentially deleterious effects at greater dosages. In support, comparative toxicosis studies in lambs (Tiwary et al., 2006) showed that oxidative effects were greater for Na-selenite than equivalent amounts of SeMet, which is the major selenocompound in Se-enriched yeast (Whanger 2002) .
Optimization of maternal antibody transfer from ewe to lamb depends on increased concentrations of total Ig in colostrum, adequate and timely ingestion of colostrum by lambs, and effi cient gut absorption of intact antibody molecules. In conclusion, our results suggest that supranutritional Se supplementation (24.5 mg Se/wk) of Polypay ewes during pregnancy increases colostral IgG concentrations but that the optimal supplementation rate for IgG transfer from ewe to lamb may differ for Naselenite (4.9 mg Se/wk) and Se-yeast (24.5 mg Se/wk).
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